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CHAPTER 1 Basic Concepts in Strength of Materials 
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CHAPTER 2 Design Properties of Materials 
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2-44 Graphite fibers. 


2-45 S-glass, quartz fibers, tungsten fibers coated with silicon carbide. 


Material 

Specific strength 
(in) 

Ratio to 
AISI 1020 

Graphite/Epoxy (High Strength) 

4.86x106 

25.0 

Aramid/Epoxy Composite 

4.00x106 

20.6 

Boron/Epoxy Composite 

3.60x106 

18.5 

Graphite/Epoxy (Ultra-hi mod) 

2.76x106 

14.2 

Glass/Epoxy Composite 

1.87x106 

9.63 

Titanium Ti-6AI-4V 

1 . 00 x 106 

5.15 

AISI 5160 OQT 700 Steel 

0.929x106 

4.78 

Aluminum 7075-T6 

0.822x106 

4.23 

Aluminum 6061-T6 

0.459x106 

2.36 

AISI 1020 HR Steel 

0.194x106 

1.00 

Material 

Specific modulus 
(in) 

Ratio to 
AISI 1020 

Graphite/Epoxy (Ultra-hi mod) 

8.28x108 

7.81 

Boron/Epoxy Composite 

4.00x108 

3.77 

Graphite/Epoxy (High Strength) 

3.45x108 

3.25 

Aramid/Epoxy Composite 

2.20X108 

2.07 

AISI 1020 HR Steel 

1.06x108 

1.00 

AISI 5160 OQT 700 Steel 

1.06x108 

1.00 

Titanium Ti-6AI-4V 

1.03x108 

0.97 

Aluminum 6061-T6 

1 . 02 x 108 

0.96 

Aluminum 7075-T6 

0.99x108 

0.93 

Glass/Epoxy Composite 

0 . 66 x 108 

0.62 


2-60 V m « 1 - Vf = 1.0 - 0.60 * 0.40 


2-61 See Equation (2-5). 


2-62 See Equations (2-6), (2-7), (2-8), (2-9). 






2-63 Given: Vf = 0.50: Fibers are high strength carbon-PAN; Matrix is Epoxy 
See Table 2-7 for data. V m ** 1- Vf = 1 0 - 0.50 = 0.50 
Use Equation (2-5): Sue = s u f Vf + am' V m 

Strain at which fibers would fail: et = suf IEf = (820x 103 psi)/( 40 xl 06 psi) 

£f = 0.0205 

Stress in matrix at this strain: am' = Em £ = (0.56x106 p S i){0.0205) - 11 480 psi 
Then: s uc = (820x 103 psi)(0.50) + (11 480 psi)(0.50) = 415x103 psi 
Modulus of elasticity: E c = Ef Vf + Em Vm = (40x106)(0.5) + (0.56x106)(0.50) 
E c = 20.3x106 psi 

Specific weight: yc = y f Vf + y m Vm = (0.065)(0.50) + (0.047)(0.50) 
yc = 0.056 Ib/in3 


2-64 Given: Vf = 0.50; Fibers are high modulus carbon; Matrix is Epoxy 
See Table 2-1 for data. Vm - 1* Vf = 1 0 - 0.50 = 0.50 
Use Equation (2-5): Sue ~ Suf Vf + am' Vm 

Strain at which fibers would fail: £f = Suf IEf - (325x 103 psi)/( 1 00x106 psi) 

£f = 0.00325 

Stress in matrix at this strain: am' - Em £ - (0.56x106 psi)(0.00325) = 1820 psi 
Then: s U c * (325x 103 psi)(0.50) + (1820 psi)(0.50) = 163x103 psi 
Modulus of elasticity: E c = Ef Vf Em Vm = (100x106)(0.5) + (0.56x106)(0.50) 
Ec - 50.3x106 psi 

Specific weight: y c = y f Vf * y m Vm = (0.078)(0.50) + (0.047)(0.50) 
yc = 0.0625 Ib/in3 


2-65 Given: Vf = 0.50: Fibers are aramid; Matrix is Epoxy 

See Table 2-:1for data. Vm » 1- Vf = 1 0 - 0.50 = 0.50 
Use Equation (2-5): s uc = Suf Vf + am' V m 

Strain at which fibers would fail: et = $uf IEf = (500x 103 psi)/(l 9 x 106 psi) 

£f = 0.0263 

Stress in matrix at this strain: am' = Em £ = (0.56x106 ps i)(0.0263) = 14 740 psi 
Then: s U c = (500x 103 psi)(0.50) + (14 740 psi)(0.50) = 257x103 psi 
Modulus of elasticity: E c « Ef Vf + Em Vm * (19x106)(0.5) + (0.56x106)(0.50) 
E c = 9.78x106 psi 

Specific weight: yc - y f Vf + ym Vm = (0.052)(0.50) + (0.047)(0.50) 
yc = 0.0495 Ib/in3 
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Solutions to Problems 2-66 to 2-67: Some data approximated from Figure P2-66. 

Most accurate values are for Ultimate strength (b.)and % elongation (f). 

Elastic limit (d.) estimated between proportional limit (c.) and yield strength (a.) 

Modulus of elasticity (e.) computed from (A stress / A strain). Data are approximated 
Materials found from Appendixes A-13 through A-17 matching s u , Sy, % Elongation, and E 


2-66 

a. 

Sy = 73 ksi - Offset 


b. 

s u = 83 ksi 


c. 

s p = 60 ksi 


d. 

s e i = 67 ksi 


e. 

E = 10.0x10® psi 


f. 

11% Elongation 


9- 

Ductile 


h. 

Aluminum 


1. 

7075-T6 

2-68 

a. 

Sy = 62 ksi Offset 


b. 

Su = 75 ksi 


c. 

s p = 50 ksi 


d. 

Se, = 56 ksi 


e. 

E ■ 16.7x10° psi 


f. 

15% Elongation 


g. 

Ductile . 


h. 

Copper Alloy 


i. 

C54400 Bronze-hard 

2-70 

a. 

No Sy- Brittle 


b. 

s u = 55 ksi 


c. 

s p = 50 ksi 


d. 

s e , = 53 ksi 


e. 

E = 20.0x10® psi 


f. 

0.5% Elongation 


9* 

Brittle 


h. 

Cast Iron 


1. 

ASTMA48 Grade 60 

2-72 

a. 

Sy = 35 ksi - Yield point 


b. 

s u = 57 ksi 


c. 

Sp = 30 ksi 


d. 

Se, = 27 ksi 


e. 

E = 26x10® psi 


f. 

21% Elongation 


9- 

Ductile 


h. 

Structural Steel 


1. 

ASTM A36 


2-67 a. Sy = 173 ksi Yield point 

b. Su^ 187 ksi 

c. s p = 162 ksi 

d. Se,= 168 ksi 

e. E = 29.0x10® psi 

f. 15% Elongation 

g. Ductile 

h. Steel 

I. AISI 4140 OQT 900 

2-69 a. Sy * 49 ksi - Yield point 

b. s u = 65ksi 

c. Sp = 46ksi 

d. s* = 48 ksi 

e. E = 26.5x10® psi 

f. 36% Elongation 

g. Ductile 

h. Steel 

I. AIS11020 CD 

2-71 a. Sy= 53 ksi - Offset 

b. s u = 59 ksi 

c. Sp = 31 ksi 

d. s ri = 42 ksi 

e. E = 12.0x10® psi 

f. 5.0% Elongation 

g. Borderline Brittle/Ductile 

h. Zinc 

I. Cast ZA-12 

2-73 a. Sy = 19 ksi - Offset 

b. 50 = 40 ksi 

c. s p = 14 ksi 

d. Se( = 17 ksi 

e. E = 6x10 8 psi 

f. 5% Elongation 

g. Borderline Brittle/Ductile 

h. Magnesium 

I. ASTM AZ 63A-T6 










2-74 


2-76 


a. 

Sy = 155 ksi - Offset 

2-75 

a. 

Sy = 40 ksi - Offset 

b. 

s u = 170 ksi 


b. 

s u = 45 ksi 

c. 

s p = 142 ksi 


c. 

Sp = 30 ksi 

d. 

s e , = 149 ksi 


d. 

So, = 35 ksi 

e. 

E = 16.5x10* psi 


e. 

E = 10.0x10* psi 

f. 

8% Elongation 


f. 

17% Elongation 

0- 

Ductile 


0. 

Ductile 

h. 

Titanium 


h. 

Aluminum 

1. 

6AI-4V 


1 . 

6061-T6 

a. 

Sy = 80 ksi - Offset 

2-77 

a. 

Sy= 80 ksi - Offset 

b. 

Sy a 90 ksi 


b. 

Sy « 95 ksi 

c. 

s p = 62 ksi 


c. 

s p = 55 ksi 

d. 

s e i = 71 ksi 


d. 

So) = 68 ksi 

e. 

E = 26x10* psi 


e. 

E = 26x10® psi 

f. 

15% Elongation 


r. 

2.0% Elongation 

g. 

Ductile 


0- 

Brittle, but does yield 

h. 

Stainless Steel 


h. 

Malleable Iron 

1. 

AISI430 full hard 


1 . 

ASTM A220 Grade 80002 
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CHAPTER 3 Design of Members Under Direct Stresses 
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CHAPTER 4 Deformation and Thermal Stress 
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SOLUTIONS TO PROBLEMS 4-58 TO 4-66. 


Material 



Sy 

(ksi) 

0.9*Sy 

m 

E L 

(ksi) (in) 

A 

(in 2 ) 

Elong. 

(in) 

Length 
Bet. gage 
marks (in) 

Strain 

(in/in) 

Force 

Ob) 

82 

73.8 

30000 2.000 

0.200 

0.00492 


0.00246 

14760 

238 214.2 

30000 2.000 

0.200 

0.01428 

2.0143 

0.00714 

42840 

135 

121.5 

29000 2.000 

0.200 

0.00838 

2.0084 

0.00419 

24300 

200 

180.0 

19000 2.000 

0.200 

0.01895 

2.0189 

0.00947 

36000 

19 

17.1 

6500 2.000 

0.200 

0.00526 

2.0053 

0.00263 

3420 

47 

42.3 

12000 2.000 

0.200 

0.00705 

2.0071 

0.00353 

8460 

65 

58.5 

29000 2.000 

0.200 

0.00403 

2.0040 

0.00202 

11700 

140 

126.0 

24000 2.000 

0.200 

0.01050 

2.0105 

0.00525 

25200 

39 

35.1 

10200 2.000 

0.200 

0.00688 

2.0069 

0.00344 

7020 


OLUTIONS TO PROBLEMS 4-67 TO 4-77. 


Material 


Nylon 6/6 

Polyester PET 

Potyimide 

Polystyrene 

Glass/Epoxy Comp* 

Aramid/Epoxy* 

Graphite/Epoxy* 

Unidir Lam-Long. 
UnWIr Lam-Transv. 
Quasi-isotropic-Long 
Quasi-isotropic-T ransv 


Su 

MPa 

0.5*Su 

MPa 

E 

MPa 

L 

mm 

A 

mm 2 

Elong. 

mm 

Length 
Bet gage 
marks (mm) 

Strain 

mm/mm 

Force 

kN 

179 

89.5 

9000 

50.0 

200 

0.49722 

50.4972 

0.00994 

mm. 

152 

76.0 

11700 

50.0 

200 

0.32479 

50.3248 

0.0065 

15.2 

186 

93.0 

22100 

50.0 

200 

0.21041 

50.2104 

0.00421 

18.6 

83 

41.5 

5500 

50.0 

200 

0.37727 

50.3773 

0.00755 

8.3 

786 

393.0 

27759 

50.0 

200 

0.7079 

50.7079 

0.01416 

78.6 

1379 689.5 

75845 

50.0 

200 

0.45455 

50.4545 

0.00909 

137.9 

1917 958.4 

135590 

50.0 

200 

0.35342 

50.3534 

0.00707 

191.7 

1380 690.0 

145000 

50.0 

200 

0.23793 

50.2379 

0.00476 

138.0 

34 

17.0 

11000 

50.0 

200 

0.07727 

50.0773 

0.00155 

3.4 

552 276.0 

55000 

50.0 

200 

0.25091 

50.2509 

0.00502 

55.2 

552 276.0 

55000 

50.0 

200 

0.25091 

50.2509 

0.00502 

55.2 


roblems 71-73: Data conversion of un 


Specific 
Su s» Modulus 


Prop. Material 
No. From Table 2-6 


Glass/Epoxy Comp 
Aramid/Epoxy 
Graphite/Epoxy 


s„ s„ MOOUIUS 

ksi MPa in 


114 786 6.60E+07 

200 1379 2.20E+08 
278 1917 3.45E+08 


Specific 

Weight 



Modulus Modulus 
E E 

psl_MPa 


4.03E+06 27759 

1.10E+07 75845 

1.97E+07 135590 






















Ponce A a/A t vi/St £>8oM<y. 

\/\J - Si*i 7, *-* 6&1/aJ Z- DO** *J tSfiHD jA'tC. * 

SiAte lau s i£v u _ / 4 c r Be FCo op C. 

C//V TS 9 S/m C/Af 7t * 

Ac.~ 667 /a/(S/n_ 3x0 - 2i(,/ a/ 4*> 

S/Ai 7f* 

BC ' 667/ H[ S/a/7o"> g ^ - 


Srtiesi 


(j fioo Aatm ~/t- /TSj > t iU>* f +jy//-So.27s»*. u 

°lf SC /*- m /»**- fic, _ 

°*C * Ac A - 3 ** /A/ /a t l7*um u ~ ?lJt****~ ^ 

A sSjmc sr/tru 6o/n> j {as* A/y y 5/bftl /**" 

: r„ - 7gg7Zg L/ 

^ ^ ^ ^ ^7/A/s-lU ' 

^O^^/ceSZo^ ^• 99B/>h 
Lz * 7 ‘* m *'Vctsjrf = /2.Z#/* 

£>(*■/£/aa-l y&htical. t/jrAA/ce. pfori cgjuaJA n £. : e\ _ 

£*4/ XX 4 * *%* } st>> Cot*~.S!>'*=&,n){U^SS t ) ”"* 

Sos 4 . 9 f 7 «i 

A±-k-* 6™*){/Y-818^») x (mU^S u 

A ^2c~) x /o sro,27 /**,/*» *■ c 

f* _ -1 7<i 

g/lC — 6ib7 XiQ /ht & St i7y*fi^iA 

$DC~ BC 61 _ (&V 70 A/)[/ 2 . 2 ct//n\ //**/*/*-) ^ ,,...•? 

-— — -—- A if -- 7. L/X/a s* 

F A JTO.ri /At/* 1 -) yy*x <V " 

£ OC * 7 ’ 6 //** A*. 


W-6t>7/ A/ 


YtCtti. 

fftJAAibLC 


/y.oin»^- 


7‘Oots** 







Fo&.te s/S . ~ VlotAf. 

w-sm cf* if loo */ii**+* Vf' 2 -**' 

Vroroa. tiljAhas /T a tA//*//6l£, foo ot & 

ffc * A' S/M 2SP *(/ ZAi/)(s/«3S'3 9 23,t>3j+/ ~~ 

rf# n v ct>s zs*~ &/' ^M)(as is*) r 33* 7sAm V 

SrAzss t Pz /o,o**/h% \ SF* nP y(f * 7 8+£<//»/* ^ 

JL * 4U T ~ 

/*? ^ /? 7 8,SV />*/>, v 

Assurer STATIC LiAt> j &d ~ Sy /z 

e, EQ‘0 Sy- 2 cr- zCVZ%7*rftJ ^ £Sf MS a. 


Spec/FY A/s-/ ?/Yo OQr //C0J <*/•= 963MFas 

D tsFfiti/yiAn t m ' 

c - fell 4- ; S B ,= <l£K!zL 

A6 e A e /* 

L/- i oa '7c*sZS'*7.3-2'rn *. 

_ 6.?, 7 sxiM)C7.1Z /*v) _ x yft '*'*•) 

*!**»/»/*)i78, JV***J) S+* v 

Sag - 6-0 /S2 *h ~ /s. z a***\ 
c _ (me)Lx &l.to Ho J /t\C ioAl/*) „ j 
* &c " eA * (Zo?*/* * *//+,>) *) , 

£ $ C - Ci.0/S2/*1 ' JS*l/9*+~ 




(p+tL) 


.«. JL 


VfetJTB* 
tP Muter 



T 

_1 


50 







CHAPTER 5 Torsional Shear Stress and Torsional Deflection 
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CHAPTER 6 Shearing Forces and Bending Moments in Beams 
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CHAPTER 7 Centroids and Moments of Inertia of Areas 


Notes concerning the format of solutions for Chapter 7 problems: 

• Problem solutions for the moments of inertia of the shapes shown in Figures P7-1 
through P7-4S are shown in the tabular format recommended in Section 7-6. 

• Calculations were completed using a spreadsheet. 

• The requested result includes the vertical Y distance to the centroidal axis from 
the reference axis and the moment of inertia / of the composite shape relative to 
the horizontal centroidal axis. 

• In most problems, the reference axis for computing the location of the horizontal 
centroidal axis was taken as the base of the section. Exceptions are noted on the 
top or bottom lines of the solution. For example, in Figure P7-17, the reference 
axis is at the axis of symmetry at the mid-height of the shape, found by inspection. 

• The left-most column of the solution gives a brief description of the part of the 
composite shape being analyzed. 

• For some shapes, internal parts removed from the outer shape are shown to be 
negative. 

• For composite shapes having parts that are commercially available structural 
shapes, pipes, or tubes, or wood beams, reference should be made to the 
Appendix tables for pertinent data. 
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FIGURE P7-1 


Units: Inches NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

lc+Ad A 2 

1-Vertical 

0.5000 

1.0000 

0.5000 

0.16670 

0.3365 

0.0566 

0.2233 

2-Horizontal 

Total area = 

Y= 

0.3125 0.1250 

0.8125 Sum Ay= 
0.6635 in 

0.0391 

0.5391 

0.00163 

0.5384 

0.0906 

Total 1 = 

0.0922 

0.3156 in A 4 


FIGURE P7-2 

Units: 

Inches 

NOTE: 6x8 rectangle with 5x6 rectangle removed 


Part 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

lc+Ad A 2 

1-Total 6x8 

48.00 

4.00 

192.00 

256.00 

0.00 

0.00 

256.00 

2-Void 5x6 

-30.00 

4.00 

-120.00 

-90.00 

0.00 

0.00 

-90.00 

Total area = 

18.00 

Sum Ay= 

72.00 



Total 1 = 

166.00 in A 4 

Y= 

4.00 

in 

NOTE: Reference axis is base of the shape 



FIGURE P7-3 

Units: 

Inches 

NOTE: 6x8 rectangle with 4x6 rectangle removed 


Part 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

lc+Ad A 2 

1-Total 6x8 

48.00 

4.00 

192.00 

256.00 

0.00 

0.00 

256.00 

2-Void 4x6 

-24.00 

4.00 

-96.00 

-72.00 

0.00 

0.00 

-72.00 

Total area = 

24.00 

Sum Ay= 

96.00 



Total 1 = 

184.00 in A 4 

Y= 

4.00 

in 

NOTE: Reference axis is base of the shape 



FIGURE P7-4 

Units: 

mm 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

lc+Ad A 2 

1-Vertical 

5000 

100 

5.000E+05 

1.667E+07 

52.50 

1.38E+07 

3.04E+07 

2-Horizontal 

4375 

213 

9.297E+05 

2.279E+05 

60.00 

1.58E+07 

1.60E+07 

Total area » 

9375 

Sum Ay= 

1.430E+06 



Total 1 = 

4.64E+07 mm A 4 

Y=» 

152.50 

mm 







FIGURE P7-5 

Units: 

mm 

NOTE: Reference axis Is base of the shape 


Part 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

lc+Ad A 2 

1-Vertical 

250 

30.0 

7.500E+03 

5.208E+04 

5.00 

6.25E+03 

5.83E+04 

2-Horiz-bot 

100 

2.5 

2.500E+02 

2.080E+02 

32.50 

1.06E+05 

1.06E+05 

3-Horiz-top 

200 

57.5 

1.150E+04 

4.170E+02 

22.50 

1.01E+05 

1.02E+05 

Total area * 

550 

Sum Ay= 

1.925E+04 



Total 1 = 

2.66E+05 mm A 4 

Y- 

35.00 

mm 
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FIGURE P7-6 

Units: 

mm 

NOTE: Both vertical rectangles (10x30) combined 


Part 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

lc+Ad A 2 

1 -Ver-20X30 

600 

15 

9.000E+03 

4.500E+04 

2.50 

3.75E+03 

4.88E+04 

2*Hor*20X10 

200 

5 

1.000E+03 

1.667E+03 

7.50 

1.12E+04 

1.29E+04 

Total area = 

800 

Sum Ay= 

1.000E+04 



Total 1 = 

6.17E+04 

Y= 

12.50 

mm 

NOTE: Reference axis is base 

of the shape 



FIGURE P7-7 

Units: 

mm 

NOTE: Entire vertical stem; 2 horiz. flanges each 5x15 

Part 

Area 

y 

Ay 

Ic 

d Ad A 2 

lc+Ad A 2 

1 -Ver-5X40 

200 

20.0 

4.000E+03 

2.667E+04 

0.00 OE+00 

2.67E+04 

2-Horiz-bot 

75 

2.5 

1.875E+02 

1.562E+02 

17.50 2.30E+04 

2.31 E+04 

3-Horiz-top 

75 

37.5 

2.812E+03 

1.562E+Q2 

17.50 2.30E+04 

2.31 E+04 

Total area = 

350 

Sum Ay= 

7.000E+03 


Total 1 = 

7.29E+04 

Y= 

20.00 

mm 

NOTE: Reference axis is base 

of the shape 



FIGURE P7-8 

Units: 

mm 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

IC+Ad A 2 

1-Ver-5X40 

200 

20.0 

4.000E+03 

2.667E+04 

0.00 

0E+00 

2.67E+04 

2*Ver-5x40 

200 

20.0 

4.000E+03 

2.667E+04 

0.00 

OE+00 

2.67E+04 

3-Hor-30x5 

150 

20.0 

3.000E+03 

3.125E+02 

0.00 

0E+00 

3.12E+02 

Total area * 

550 

Sum Ay= 

1.100E+04 



Total 1 = 

5.36E+04 

Y= 

20.00 

mm 







FIGURE P7-9 

Units: 

mm 

NOTE: Reference axis is base 

of the shape 


Part 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

lc+Ad A 2 

1-Ver-5X30 

150 

20.0 

3.000E+03 

1.125E+04 

0.00 

0E+00 

1.12E+04 

2-Horiz-bot 

200 

2.5 

5.000E+02 

4.167E+02 

17.50 

6.12E+04 

6.17E+04 

3-Horiz-top 

200 

37.5 

7.500E+03 

4.167E+02 

17.50 

6.12E+04 

6.17E+04 

Total area = 

550 

Sum Ay= 

1.100E+04 



Total 1 - 

1.35E+05 

Y= 

20.00 

mm 







FIGURE P7-10 

Units: 

mm 

NOTE: Reference axis is base 

of the shape 


Part 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

lc+Ad A 2 

1-Ver-5X50 

250 

30.0 

7.500E+03 

5.208E+04 

0.00 

OE+00 

5.21 E+04 

2-Horiz-bot 

140 

2.5 

3.500E+02 

2.917E+02 

27.50 

1.06E+05 

1.06E+05 

3-Horiz-top 

140 

57.5 

8.050E+03 

2.917E+02 

27.50 

1.06E+05 

1.06E+05 

Total area = 

530 

Sum Ay«= 

1.590E+04 



Total 1 ° 

2.64E+05 

Y= 

30.00 

mm 







mm A 4 


mmM 


mm A 4 


mm A 4 


mm A 4 
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FIGURE P7-11 

Units: 

mm 

NOTE: Both 

vert, combined 

10x45; horiz. flanges combined 5x30 

Part 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

lc+Ad A 2 

1-Ver-10X45 

450 

22.5 

1.012E+04 

7.594E+04 

0.69 

2.14E+02 

7.62E+04 

2-Hor-5x30 

150 

2.5 

3.750E+02 

3.125E+02 

19.31 

5.59E+04 

5.62E+04 

3-Hor-5x25 

125 

42.5 

5.312E+03 

2.604E+02 

20.69 

5.35E+04 

5.38E+04 

Total area = 

725 

Sum Ay= 

1.581E+04 



Total 1 = 

1.86E+05 mm A 4 

Y= 

21.81 

mm 

NOTE: Reference axis is base of the 

shape 



FIGURE P7-12 

Units: 

mm 


NOTE: All verticals massed together 



Part 

Area 

y 


Ay 

Ic 

d 

Ad A 2 

lc+Ad A 2 

1-Ver-16X16 

256 


8 

2.048E+03 

5.461E+03 

4.39 

4.92E+03 

1.04E+04 

2-Hor-4X50 

200 


18 

3.600E+03 

2.667E+02 

5.61 

6.30E+03 

6.57E+03 

Total area = 

456 

Sum 

Ay= 

5.648E+03 



Total 1 = 

1.70E+04 mm A 4 

Y= 

12.39 

mm 


NOTE: Reference axis is base of the 

shape 



FIGURE P7-13 

Units: 

mm 

NOTE: Reference axis is base of the 

shape 


Part 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

lc+Ad A 2 

1-Hor-5x10 

50 

2.5 

1.250E+02 

1.045E+02 

20.83 

2.17E+04 

2.18E+04 

2-Ver-5X55 

275 

27.5 

7.562E+03 

6.932E+04 

4.17 

4.77E+03 

7.41E+04 

3-Hor-5x20 

100 

27.5 

2.750E+03 

2.083E+02 

4.17 

1.74E+03 

1.94E+03 

4-Ver-5x30 

150 

15.0 

2.250E+03 

1.125E+04 

8.33 

1.04E+04 

2.17E+04 

5-Hor-5x5 

25 

52.5 

1.312E+03 

5.208E+01 

29.17 

2.13E+04 

2.13E+04 

Total area = 

600 

Sum Ay= 

1.400E+04 



Total 1 - 

1.41E+05 mm A 4 

Y= 

23.33 

mm 







FIGURE P7-14 

Units: 

Inches 

NOTE: Reference axis is base of the 

shape 


Part 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

lc+Ad A 2 

1-Bot plate 

0.5200 

0.1000 

0.0520 

0.00173 

0.4330 

0.0975 

0.0992 

2-Bot flanges 

0.1200 

0.2500 

0.0300 

0.0001 

0.2830 

0.0096 

0.0097 

3-2 Vert webf 

0.3000 

0.9500 

0.2850 

0.05625 

0.4169 

0.0522 

0.1084 

4-Horiz-top 

0.12 

1.65 

0.1980 

0.0001 

1.1170 

0.1497 

0.1498 

Total area = 

1.06 

Sum Ay= 

0.5650 



Total 1 «■= 

0.3672 in A 4 

Y= 

0.5330 

in 







FIGURE P7-15 

Units: Inches 

NOTE: Reference axis is base of the shape 


Part 

Area y 

Ay 

lc 

d 

Ad A 2 

lc+Ad A 2 

1-Bot flange 

0.1000 0.0500 

0.0050 

0.00008 

1.0176 

0.1036 

0.1036 

2-2 Verticals 

0.4800 1.2000 

0.5760 

0.23040 

0.1323 

0.0084 

0.2388 

3-Mid-Horiz. 

0.1 1.4500 

0.1450 

0.0000833 

0.3823 

0.0146 

0.0147 

Total area = 

0.68 Sum Ay= 

0.7260 



Total 1 - 

0.3572 in A 4 

Y= 

1.0676 in 
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FIGURE P7-16 

Units: 

Inches 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

lc 

d 

Ad A 2 

lc+Ad A 2 

1-Rectangle 

1.1250 

0.7500 

0.8438 

0.21094 

0.1491 

0.0250 

0.2360 

2-Semicircle 

0.2209 

1.6590 

0.3665 

0.0022148 

0.7598 

0.1275 

0.1297 

Total area = 

1.34589 

Sum Ay= 

1.2102 



Total 1 = 

0.3657 

Y= 

0.8992 

in 






FIGURE P7-17 

Units: 

mm 

NOTE: Reference axis taken at y=125 



Part 

Area 

y 

Ay 

lc 

d 

Ad A 2 

IC+Ad A 2 

t -Rectangle 

11400 

0.0 

0E+00 

3.430E+07 

0.00 

0E+00 

3.43E+07 

2-Semic-bot 

1414 

-107.7 

-1.52E+05 

9.072E+04 

107.72 

1.64E+07 

1.656+07 

3-Semic-top 

1414 

107.7 

1.52E+05 

9.072E+04 

107.72 

1.64E+07 

1.65E+07 

Total area * 

14227 

Sum Ay= 

OE+00 



Total 1 = 

6.73E+07 

Y= 

0.00 

mm 






FIGURE P7-18 

Units: 

mm 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

lc 

d 

Ad A 2 

IC+Ad A 2 

1-Rectangle 

1200 

20.0 

2.400E+04 

1.60E+05 

7.27 

6.35E+04 

2.23E+05 

2-Rect rem. 

-400 

20.0 

-8.00E+03 

-1.33E+04 

7.27 

-2.1E+04 

-3.4E+04 

3-Triangle 

300 

46.7 

1.40E+04 

6.67E+03 

19.39 

1.13E+05 

1.20E+05 

Total area = 

1100 

Sum Ay- 

3.000E+04 



Total 1 = 

3.08E+05 

Y= 

27.27 

mm 






FIGURE P7-19 

Units: 

Inches 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

lc 

d 

Ad A 2 

lc+Ad A 2 

1-Hor-.5x1.4 

0.700 

0.250 

0.1750 

0.0146 

0.681 

0.3242 

0.3388 

2-Ver-.6x2.5 

1.500 

1.250 

1.8750 

0.7813 

0.319 

0.1531 

0.9343 

3-2 Tr-.7x1.5 

0.910 

0.933 

0.8493 

0.0854 

0.003 

0.0000 

0.0854 

4-Tri-rem 

-0.460 

0.807 

-0.3711 

-0.0216 

0.124 

-0.0071 

-0.0287 

5-Hole-rem 

-0.049 

2.200 

-0.1080 

-0.0002 

1.269 

-0.0791 

-0.0793 

Total area » 

3 

Sum Ay= 

2.4202 



Total 1 - 

1.2506 

Y= 

0.9305 

in 







mm A 4 


mm A 4 


in A 4 


FIGURE P7-20 Units: Inches NOTE; Reference axis is base of the shape 


Part 

Area 

y 

Ay 

1-2 Vert rect 

1.2000 

1.0000 

1.2000 

2-2 Triangles 

0.5100 

1.1333 

0.5780 

3-Top-.3x2.4 

0.7200 

1.8500 

1.3320 

Total area = 

2.4300 

Sum Ay= 

3.1100 

Y= 

1.2798 

in 



lc 

d 

Ad A 2 

lc+Ad A 2 

0.4000 

0.2798 

0.0940 

0.4940 

0.0819 

0.1465 

0.0109 

0.0928 

0.0054 

0.5701 

0.2341 
Total 1 = 

0.2395 

0.8263 in A 4 
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FIGURE P7-21 

Units: 

Inches 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

lc 

d 

Ad *2 

lc+Ad A 2 

i-Vert rect 

8.2500 

4.2500 

35.0625 

20.7969 

0 

0.0000 

20.7969 

2-Bot flange 

5.2500 

0.7500 

3.9375 

0.9844 

3.5 

64.3125 

65.2969 

3-Top flange 

5.2500 

7.7500 

40.6875 

0.9844 

3.5 

64.3125 

65.2969 

Total area = 

18.7500 

Sum Ay= 

79.6875 



Total 1 = 

151.3906 in A 4 

Y- 

4.2500 

in 







FIGURE P7-22 

Units: 

Inches 

NOTE: 7.25x7 

rectangle with 4.25x5.5 rectangle 

removed 

Part 

Area 

y 

Ay 

lc 

d 

Ad A 2 

lc+Ad A 2 

1-Tot 7.25x7 

50.75 

3.50 

177.63 

207.23 

0.00 

0.00 

207.23 

2-4.25x5.5 rc 

-23.38 

3.50 

-81.81 

•58.92 

0.00 

0.00 

-58.92 

Total area = 

27.38 

Sum Ay= 

95.81 



Total 1 = 

148.30 in A 4 

Y= 

3.50 

in 

NOTE: Reference axis is base of the shape 



FIGURE P7-23 

Units: 

Inches 

NOTE: 24x4.5 rectangle with 21x3.5 rectangle removed 

Part 

Area 

y 

Ay 

lc 

d 

Ad A 2 

lc+Ad A 2 

1-Tot 24x4.5 

108.00 

2.25 

243.00 

182.25 

0.00 

0.00 

182.25 

2-21x3.5 rem 

-73.50 

2.25 

-165.38 

-75.03 

0.00 

0.00 

-75.03 

Total area = 

34.50 

Sum Ay= 

77.63 



Total 1 = 

107.22 in A 4 

Y= 

2.25 

in 

NOTE: Reference 

axis is base of the shape 



FIGURE P7-24 

Units: 

Inches 

NOTE: Reference 

axis is base of the shape 


Part 

Area 

y 

Ay 

lc 

d 

Ad A 2 

lc+Ad A 2 

1-2 Verticals 

33.75 

5.63 

189.84 

355.96 

2.13 

152.40 

508.36 

2-Top flange 

16.88 

12.00 

202.50 

3.16 

4.25 

304.80 

307.97 

Total area « 

50.63 

Sum Ay= 

392.34 



Total 1 «= 

816.33 in A 4 

Y= 

7.75 

in 







FIGURE P7-25 

Units: 

Inches 

NOTE: Depth of W14x43 is13.66; Ref. axis at centroid;Y=7.33 

Part 

Area 

y 

Ay 

lc 

d Ad A 2 

lc+Ad A 2 

1-W 14x43 

12.60 

0.00 

0.00 

428.00 

0.00 0.00 

428.00 

2-Bot plate 

7.25 

-7.08 

-51.33 

0.15 

7.08 363.42 

363.57 

3-Top plate 

7.25 

7.08 

51.33 

0.15104 

7.08 363.42 

363.57 

Total area = 

19.85 

Sum Ay* 

0.00 


Total 1 = 

1155.13 in A 4 

Y= 

0.00 

in 
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FIGURE P7-26 
Part 

1- SI2x50 

2- C 12x25 
Total area * 

Y- 


FIGURE P7-27 
Part 

1-112x14.292 

2-Top plate 
Total area = 
Y= 


FIGURE P7-28 
Part 

1- Two Cl2 

2- Bot plate 

3- Top plate 
Total area = 

Y= 

FIGURE P7-29 
Part 

1- Vert, plate 

2- 2 Bot anglet 

3- 2 Top angle: 

4- Top plate 

5- Bot plate 
Total area « 

Y= 


FIGURE P7-30 
Part 

1- 2 v. plates 

2- Bot channel 

3- Top plate 
Total area = 

Y= 


Units: Inches NOTE: Web for C is .387 thick; Y-Y axis down .674 from top 


Area 

y 

Ay 

Ic 

d 

Ad A 2 - 

lc+Ad A 2 


14.70 

6.00 

88.20 

305.00 

1.90 

53.31 

358.31 


7.35 

11.71 

86.09 

4.47 

3.81 

106.62 

111.09 


22.05 

Sum Ay= 

174.29 



Total 1 = 

469.40 

in A 4 

7.90 

in 

NOTE: For Cl2x25; y = 12.0+.387-.674 

= 11.713 





NOTE: Reference axis is base of the shape 



Units: 

Inches 

NOTE: Reference axis is base of the shape 



Area 

y 

Ay 

Ic 

d 

Ad A 2 

IC+Ad A 2 


12.15 

6.00 

72.92 

317.33 

1.40 

23.73 

341.06 


3.50 

12.25 

42.88 

0.07 

4.85 

82.41 

82.49 


15.65 

Sum Ay= 

115.79 



Total 1 = 

423.55 

in A 4 

7.40 

in 








Units: 

Inches 

NOTE: Depth of Cl 2 is 12.0; Ref. axis at centroid;y= 6.50 from bot 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

lc+Ad A 2 

14.07 

0.00 

0.00 

319.520 

0.00 

0.00 

319.52 

5.00 

-6.25 

-31.25 

0.104 

6.25 

195.31 

195.42 

5.00 

6.25 

31.25 

0.104 

6.25 

195.31 

195.42 

19.07 

Sum Ay= 

0.00 



Total 1 « 

710.35 in A 4 

0.00 

in 






Units: 

Inches 

NOTE: Overall depth=7.0; Ref axis=centroid. 3.50 in from bottom 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

IC+Ad A 2 

3.00 

0.000 

0.0000 

9.0000 

0.000 

0.000 

9.000 

2.72 

-2.364 

-6.4301 

0.9580 

2.364 

15.201 

16.159 

2.72 

2.364 

6.4301 

0.9580 

2.364 

15.201 

16.159 

2.25 

3.250 

7.3125 

0.0469 

3.250 

23.766 

23.813 

2.25 

-3.250 

-7.3125 

0.0469 

3.250 

23.766 

23.813 

12.94 

Sum Ay= 

0.0000 



Total 1 = 

88.942 in A 4 

0.00 

in 







Units: 

Inches 

NOTE: Overall depth=6.Q; Ref axis=centroid, 3.0 in from bottom 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

IC+Ad A 2 

3.000 

0.000 

0.000 

9.000 

0.000 

0.000 

9.000 

1.760 

-2.545 

•4.479 

0.305 

2.545 

11.400 

11.705 

1.760 

2.545 

4.479 

0.305 

2.545 

11.400 

11.705 

4.760 

Sum Ay= 

0.000 



Total 1 = 

32.409 in A 4 

0.000 

in 

NOTE: For C3x6; y = 3.0-0.455 « 2.545;See App. A-6;x=0.455 
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FIGURE P7-31 

Units: 

Inches 

NOTE: Ref axis=centroid. 3.0 in from center of either pipe 

Part 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

lc+Ad A 2 

1 -vert, plate 

2.050 

0.000 

0.000 

2.870 

0.000 

0.000 

2.870 

2-Bot pipe 

1.070 

-3.000 

-3.210 

0.391 

3.000 

9.630 

10.021 

3-Top pipe 

1.070 

3.000 

3.210 

0.391 

3.000 

9.630 

10.021 

Total area = 

3.120 

Sum Ay= 

0.000 



Total 1 = 

22.912 in A 4 

Y= 

0.000 

in 

NOTE: Length of plate = 6.0 in - pipe dia = 6.0 - 

1.90 = 4.10 in 


FIGURE P7-32 

Units: 

Inches 

NOTE: Reference axis=centroid=l2 in from CL of pipes 

Part 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

IC+Ad A 2 

1-2 bot pipes 

4.46 

•12.00 

-53.52 

6.04 

12.00 

642.24 

648.28 

2-2 Top pipes 

4.46 

12.00 

53.52 

6.04 

12.00 

642.24 

648.28 

Total area - 

8.92 

Sum Ay= 

0.00 



Total 1 = 

1296.56 in A 4 

Y= 

0.00 

in 







FIGURE P7-33 

Units: 

Inches 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

lc+Ad A 2 

1-Base plate 

2.5000 

0.1250 

0.3125 

0.0130 

2.5980 

16.8734 

16.8864 

2-2 angles 

3.3800 

1.4900 

5.0362 

5.5400 

1.2330 

5.1382 

10.6782 

3-Top plate 

6.0000 

4.5000 

27.0000 

0.1250 

1.7770 

18.9473 

19.0723 

Total area «= 

11.8800 

Sum Ay= 

32.3487 



Total 1 = 

46.6370 in A 4 

Y= 

2.7230 

in 







FIGURE P7-34 

Units: 

Inches 

NOTE: Reference axis=centroid=3.00 in from bottom 

Part 

Area 

y 

Ay 

Ic 

d Ad A 2 

lc+Ad A 2 

i-channel 

3.83 

0.00 

0.00 

17.40 

0.00 0.00 

17.40 

2-channel 

3.83 

0.00 

0.00 

17.40 

0.00 0.00 

17.40 

Total area = 

7.66 

Sum Ay= 

0.00 


Total 1 = 

34.80 in A 4 

Y= 

0.00 

in 






FIGURE P7-35 

Units: Inches 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

Ic 

d 

Ad A 2 

lc+Ad A 2 

1-2 angles 

1.876 

0.592 

1.111 

0.696 

2.020 

7.658 

8.354 

2-Bot channel 

2.640 

0.478 

1.262 

0.632 

2.134 

12.027 

12.659 • 

3-2 Ver webs 

4.500 

3.000 

13.500 

13.500 

0.388 

0.676 

14.176 

4-top channel 
Total area = 

Y= 

2.640 5.522 

11.656 Sum Ay= 
2.612 in 

14.578 

30.451 

0.632 

2.910 

22.349 

Total 1 «= 

22.981 

58.171 in A 4 
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FIGURE P7-36 

Units: 

Inches 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

lc 

d 

Ad A 2 

lc+Ad A 2 

1-W6X15 

4.430 

2.995 

13.268 

29.100 

0.638 

1.801 

30.901 

2-2 angles 

1.876 

0.852 

1.598 

0.696 

1.505 

4.252 

4.948 

Total area = 

6.306 

Sum Ay= 

14.866 



Total 1 = 

35.848 in A 4 

Y= 

2.357 

in 







FIGURE P7-37 

Units: 

Inches 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

lc 

d 

Ad A 2 

lc+Ad A 2 

1-Bot tube 

2.590 

2.000 

5.180 

4.690 

1.500 

5.828 

10.518 

2-Top tube 

2.590 

5.000 

12.950 

1.540 

1.500 

5.828 

7.368 

Total area = 

5.180 

Sum Ay= 

18.130 



Total 1 ■= 

17.885 in A 4 

Y= 

3.500 

in 







FIGURE P7-38 

Units: 

Inches 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

lc 

d 

Ad A 2 

lc+Ad A 2 

1-6x6x1/2 

10.400 

3.000 

31.200 

50.500 

0.050 

0.026 

50.526 

2-4x2x1/4 

2.590 

1.500 

3.885 

1.540 

1.450 

5.447 

6.987 

3-3x2x1/4 

2.090 

4.500 

9.405 

1.150 

1.550 

5.020 

6.170 

Total area = 

15.080 

Sum Ay= 

44.490 



Total 1 = 

63.683 in A 4 

Y= 

2.950 

in 







FIGURE P7-39 

Units: 

Inches 

NOTE: Reference 

axis is base of the shape 


Part 

Area 

y 

Ay 

lc 

d 

Ad A 2 

IC+Ad A 2 

1-bot channel 

1.590 

0.457 

0.727 

0.319 

2.898 

13.358 

13.677 

2-6x2x1/4 

3.590 

3.184 

11.431 

13.800 

0.171 

0.106 

13.906 

3-Top channel 

1.590 

6.641 

10.559 

0.319 

3.286 

17.164 

17.483 

Total area = 

6.770 

Sum Ay= 

22.716 



Total 1 = 

45.065 in A 4 

Y= 

3.355 

in 







FIGURE P7-40 

Units: 

Inches 

NOTE: Reference 

axis is base of the shape 


Part 

Area 

y 

Ay 

lc 

d 

Ad A 2 

lc+Ad A 2 

1-Bot channel 

1.881 

0.730 

1.373 

0.980 

0.321 

0.193 

1.173 

2-l-beam 

1.726 

1.400 

2.416 

0.680 

0.349 

0.211 

0.891 

Total area = 

3.607 

Sum Ay= 

3.790 



Total 1« 

2.064 in A 4 

Y= 

1.051 

in 
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FIGURE P7-41 Units: Inches NOTE: Reference axis is base of the shape 

Part Area, A , y, A,y, l c d, A,dj 2 l c +Ad 2 

1- Wl2x30 8.790 6.170 54.234 238.000 2.029 36.169 274.169 

2- C6x13 3.830 12.854 49.231 1.050 4.855 83.010 84.060 

Total area = 12.620 in 2 Sum Ay = 103.465 in 3 Total / c = 358.229 In 4 

8.199 in 


FIGURE P7-42 Units: Inches NOTE: Reference axis is centroid of W-beam shape 

Part Area, y, A,y, l c d, A,d 2 l c +Ad 2 

1- W4x13 3.830 0.000 0.000 11.300 0.000 0.000 11.300 

2- 4x2x1/4 2.590 3.080 7.977 1.540 3.080 24.570 26.110 

3- 4x2x1/4 2.590 -3.080 -7.977 1.540 3.080 24.570 26.110 

Total area = 9.010 in 2 Sum Ay = 0.000 in 3 Total/ c = 63.520 in 4 

Y * 0 in 


FIGURE P7-43 Units: Inches NOTE: Reference axis is bottom of the shape 

Part Area, A, y, A,y, l G d } Aid, 2 l c +Ad 2 

1- W12x30 8.790 6.170 54.234 238.000 2.058 37.229 275.229 

2- L4x3x1/4 1.690 13.580 22.950 2.770 5.352 48.408 51.178 

3- L4x3x1/4 1.690 13.580 22.950 2.770 5.352 48.408 51.178 

Total area = 12.170 in 2 Sum Ay = 100.135 in 3 Total / c = 377.585 in 4 

T= 8.228 in 


FIGURE P7-44 Units: Inches NOTE: Reference axis is centroid of 6x2 tube 


Part 

Area, A, 

Yi 

A,y, 

lc 

<*/ 

Aid, 2 

lc+Ad 2 

1-6x2x1/4 

3.590 

0.000 

0.000 

13.800 

0.000 

0.000 

13.800 

2-1/2x2 PI 

1.000 

3.250 

3.250 

0.010 

3.250 

10.563 

10.573 

3-1 /2x2 PI 

1.000 

-3.250 

-3.250 

0.010 

3.250 

10.563 

10.573 

Total area * 

5.590 in 2 

Sum Ay = 

0.000 in 3 



Total l e « 

34.946 in 4 


y- 

0 in 







FIGURE P7-45 


Units: Inches NOTE: Reference axis is bottom of the shape 

Part 

Area, A, 

Yi 

AiYt lc 

d, 

A,d, 2 

! C +Ad 2 

1-C8x4.147 

3.526 

4.000 

14.104 37.400 

1.023 

3.692 

41.092 

2-08x4.147 

3.526 

4.000 

14.104 37.400 

1.023 

3.692 

41.092 

3-08x4.147 

3.526 

7.070 

24.929 3.250 

2.047 

14.770 

18.020 

Total area = 

10.578 in 2 

Sum Ay = 

53.137 in 3 


Total / c = 

100.205 in 4 


y* 5.023 in 
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FIGURE P7-46 Units: Inches NOTE: Reference axis is bottom of the shape 


Part 

Area, A/ 

y> 

A,yj 

lc 

<*i 

Ajdj 2 

l c +Ad 2 

1-1/2x18 PI 

9.000 

0.250 

2.250 

0.188 

1.862 

31.194 

31.382 

2-3/4x10 PI 

7.500 

5.500 

41.250 

62.500 

3.388 

86.103 

148.603 

3-L8x4x1/2 

5.750 

1.359 

7.814 

6.740 

0.753 

3.258 

9.998 

4-L8x4x1/2 

5.750 

1.359 

7.814 

6.740 

0.753 

3.258 

9.998 

Total area = 

28.000 in 2 

Sum Ay = 

59.129 in 3 



Total / e = 

199.981 in 4 


Y- 

2.112 in 







FIGURE P7-47 


Units: 

mm 

NOTE: Reference axis is bottom 

of the shape 

Part 

Area, A, 

Yi 

A t y, 

lc 

d, Aid 2 

l c +Ad 2 

1-Flanges(2) 

72.000 

1.500 

108.0 

54.0 

13.1 12434.2 

12488.2 

2-Vert. webs(2) 

150.000 

12.500 

1875.0 

7812.5 

2.1 687.9 

8500.4 

3-Semicircle(+) 

157.080 

29.240 

4593.0 

1120.0 

14.6 33476.6 

34596.6 

4-Semicircle(-) 

-76.970 

27.968 

-2152.7 

-268.9 

13.3 -13669.7 

-13938.6 

Total area = 

302.110 mm 2 
Y = 

Sum Ay = 

14.641 

4423.3 

mm 

mm 3 

Total / c = 

41646.6 mm' 


FIGURE P7-48 


Units: Inches NOTE: Reference axis is base of the shape 

Part 

Area, A f 

y, 

A,yt 

lc 

dj A t dj 

l c +Ad 2 

1-Rect. (2) 

1.250 

0.625 

0.781 

0.163 

0.391 0.191 

0.353 

2-Semicircle 

0.884 

1.568 

1.385 

0.035 

0.552 0.270 

0.305 

Total area = 

2.134 in 2 

Sum Ay = 

2.167 in 3 


Total / c = 

0.659 i 


1.016 in 
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SOLUTIONS FOR PROBLEMS 7-49 THROUGH 7-66 

Each problem requires the computation of the radius of gyration = r x = (l x /A) A 1/2 with respect to the horizontal centroidal axis. 
Data for / and A are taken from the solution for the given figure number. 



3.04 in 

2.77 in 
70.35 mm 
21.99 mm 

8.78 mm 
9.87 mm 

15.67 mm 
16.02 mm 
6.11 mm 
0.59 in 

0.72 in 

0.52 in 
68.78 mm 
2.84 in 

2.33 in 

1.76 in 

4.02 in 

7.63 in 
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8-33 Specify the lightest wide-flange beam. ASTM A36 structural steel. s y = 36 ksi. 

Design stress: crd = 0.66 Sy * (0.66){36 000 psi) = 23 760 psi 

From Fig. P6-3: Mmax = (45.7 K*ft)<1000 lb/K)(12 in/ft) = 548 400 lb-in 

Required section modulus: S = M/ad - (548 400 lb*in)/{23 760 in 2 ) = 23.1 in3 
Specify: W 14x26 steel beam. 

8 -34 Specify the lightest wide-flange beam. ASTM A36 structural steel, sy = 248 MPa. 

Design stress: ad = 0.66 Sy = (0.66)(248 MPa) = 164 MPa 

Because beam data are given in U.S. Cust. units, bending moments converted to lb in. 

Use ad = 0.66 Sy = (0.66)(36 000 psi) = 23 760 psi 

From Fig. P6-7: Mmax = (71.5 kN*m)(8 851 Ib-in^kN m) = 6.33x105 Ib.in 

Required section modulus: S = M/od - (6.33x1 0 5 lb in)/(23 760 in 2 ) = 26.6 in 3 
Specify: W 14x26 steel beam. 

Problems 8-33 to 8-42 are similar to 8-33 and 8-34 with the same design stress. Maximum 
bending moment varies with the beam loading shown in the indicated figure from Chapter 6. 

Problems 8-43 to 8-52 use the same set of beam loadings as 8-33 to 8-42 but the objective is 
to specify the ligfttesfAmerican Standard S-beam. The required section modulus, S, is the same. 

Problems 8-53 to 8-62 use the same set of beam loadings as 8-33 to 8-42 but the material is 
ASTM A572 Grade 60 with s y = 60 ksi.. Then, 

ad = 0.66 Sy » (0.66)(60 000 psi) = 39 600 psi (273 MPa) 

The objective is to specify the lightest wide flange beam. 

The results of these three sets of problems are summarized below. 


Prob.! Fig. No 

!M max 

iReqd. 

(Lightest ; 

Prob. 

! Lightest 

Prob. 



No. 


1S (in A 3) 

iw-beam 

No. 

1 S-beam 

No. 

i S (in A 3) 

W-beam 

8-33 1P6-3 

> 45.7 K-ft 

: 23.1 

iW14x26 . 

8-43 

! SI 0x25.4 •• 

8-53 

! 13.9 

IW12x16 

8-34 IP6-7 

•71.5 N-m 

126.6 

1 W14x26 

8-44 

i SI 0x35 

8-54 

116.0 

!W12x16 

8-35 1 P6-8 

:43.2 kN-m; 16.1 

1 W12x16 

8-45 

i S8x23 i 

8-55 

19.66 

IW10x12 

8-36 ! P6-11 

1 60.0 K-ft 

'30.3 

l W14x26 1 

8-46 

! SI 2x35 

8-56 

! 18.2 

1 W14x26 

8-37 • P6-16 

: 170 kN-m 

163.3 

i W 18x40 ■ 

8-47 

1 SI 5x50 1 

8-57 

138.0 

IW12X30 

8-38 1 P6-36 

i 10.0 K-tt 

(5.05 

IW8X10 

8-48 

!S6x12.5 : 

8-58 

13.03 

iW8x10 

8-39 ! P6-40 

i 40.0 K-ft 

120.2 

iW14x26 ■ 

8-49 

j S10x25.4 

8-59 

112.1 

IW10X15 

8-40 1 P6-52 

' 148 K-ft 

174.7 

1 W18X55 

8-50 

IS20x66 j 

8-60 

144.8 

iW18x40 

8-41 i P6-63 

i 1450 N-m 

10.54 

! W8xl0 i 

8-51 

i S3x5.7 ! 

8-61 

mm 

iwexio 

8-42 1 P6-64 

; 30.0 K-ft 

5 15.15 

IW12x16 : 

ran 


8-62 

»9.09 

i W10x12 
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CHAPTER 9 Shearing Stresses in Beams 
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CHAPTER 11 The General Case of Combined Stress 

and Mohr’s Circle 


ANSWERS FOR CMPTER H PROBLENS 


NOTE: The complete solution for problems 1-30 require the 
construction of the complete Mohr's circle end the drawing of the 
principal stress clement and the maximum shear stress element. Listed 
below are the significant numerical results. Following the list are 
representative examples of the complete solutions. Note that the 
problems fall into groups of similar forms as described below. 

A. For problems 1-q, the x-axis on the Mohr's circle lies in the 
first quadrant. 

For problems 8 - 8 , the x-axis on the Mohr's circle lies in the 
second quadrant. 

For problems 9-12, the x-axis on the Mohr's circle lies in the 
third quadrant. 

For problems 13-Id, the x-axis on the Mohr's circle lies in the 
fourth quadrant. . . 

For problems 17-24, the x-axis on the Mohr's circle could lie in 
any quadrant. No pattern exists. 

For problems 23-28, the x-axis on the Mohr's circle lies along 
the original x-axis and the principal stresses are the same as 
the norma) stresses on the given element. 

B. For problems 29-40, the Mohr's circle from the given data results 
In both principal stresses having the same sign. For this class 
of problems, the supplementary circle is drawn using the 
procedures discussed in 8 ection 10-11 of the text. The results 
include three principle stresses where Oj > q* > o 3 . Also, 

the maximum shear stress is found from the radius of the circle 
containing Oj and 03 , and is equal to JtOi or # 03 , 
whichever has the greatest magnitude. Angles of rotation of the 
resulting elements are not requested. 

C. For problems 41-30, the Mohr's circles from earlier problems are 
used to find the stress condition on the element at some 
specified angle of rotation. The listed results include the two 
normal stresses and the shear stress on the specified element* 

0. For problems 31-34, specific numerical answers are requested. 
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CHAPTER 11 - PROBLEMS 1-28. 


Prob 

No. 

'• «1 

«2 

4 

<d*g) 

^nax 

°a«9 

<drg) 

1 

319.4 MPa 

-115.4 MPa 

10.9 cw 

215.4 MPa 

100.0 MPa 

34.1 ccw 

2 

295.2 MPa 

-55.2 MPa 

7.5 cw 

155.2 MPa 

100.0 MPa 

37.5 ccw 

3 

110.0 MPa 

-40.0 MPa 

26.6 cw 

75.0 MPa 

35.0 MPa 

18.4 ccw 

4 

202.1 MPa 

-42.1 MPa 

27.5 cw 

122.1 MPa 

80.0 MPa 

17.5 ccw 

5 

23.5 ksi 

-8.5 ksi 

19.3 ccw 

16.0 kal 

7.5 ksi 

44.3 ccw 

6 

42.8 ksi 

-29.8 kal 

14*9 ccw 

36.3 ksi 

4.5 ksi 

59.9 ccw 

7 

79.7 ksi 

-9.7 kal 

31.7 ccw 

44.7 ksi 

35.0 ksi 

76.7 ccw 

e 

34.4 ksi 

-54.6 ksi 

13.0 ccw 

45.6 kal 

-9.0 ksi 

S8.0 ccw 

9 

67 7.4 kPa 

-977.4 kPa 

77.5 ccw 

827.4 kPa 

-150.0 kPa 

57.5 cw 

10 

137.8 kPa 

-587.8 kPa 

84.0 ccw 

362.8 kPa 

-225.0 kPa 

51.0 cw 

11 

327.0 kPa 

-1202.0 kPa 

40.9 ccw 

764.5 kPa 

-437.5 kPa 

74.1 cw 

12 

79.9 kPa 

-354.9 kPa 

74.0 ccw 

217.4 kPa 

-137.5 kPa 

40.2 cw 

13 

570.0 psl 

-2070.0 psi 

71.3 cw 

1320.0 pal 

-750.0 pal 

24.3 cw 

14 

1476.1 psi 

-6676.1 psi 

81.7 cw 

4176.1 psi 

-2500.0 psi 

34.7 cw 

15 

4180.0 pa) 

-5180.0 psl 

71.6 cw 

4680.8 pal 

-500.0 pal 

26.4 cw 

14 

8400.7 psl 

-150.7 psl 

89.5 cw 

4375.7 psi 

4225.0 pal 

44.5 cw 

17 

360.2 MPa 

-100.2 MPa 

27.8 ccw 

230.2 MPa 

130.0 MPa 

72.8 ccw 

18 

1827.1 kPa 

-377.1 kPa 

24.4 cw 

1102.1 kPa 

725.0 kPa 

20.4 ccw 

19 

23.9 ksi 

-1.9 kai 

15.9 cw 

12.9 kai 

11.0 ksi 

29.1 ccw 

20 

7971.2 pal 

-1221.2 psl 

21.4 ccw 4596.2 psi 

3375.0 psi 

66.4 ccw 

21 

4.4 kal 

-32.4 ksi 

20.3 CW 

18.4 ksi 

-14.0 ksi 

24.7 ccw 

22 

527.4 MPa 

-87.4 MPa 

67.8 cw 

307.6 MPa 

220.0 MPa 

22.8 cw 

23 

321.0 MPa 

-41.0 MPa 

46.4 ccw 

191.0 MPa 

130.0 MPa 

68.6 cw 

24 

344.5 kPa 

-1904.5 kPa 

23.0 ccw 1124.5 kPa 

-780.0 kPa 

68.0 ccw 
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Prob. Oj 
No. 


<>2 


♦ 

<deg> 


<deg) 


'max 


'avg 


29 

223.0 MPa 

-63.0 MPa 

0.0 

155.0 HPa 

70.0 MPa 

45.0 

ccw 

26 

6230.0 psi 

-875.0 psi 

0.0 

3562.5 psi 

2687.5 psi 

4S.0 

ccw 

27 

775.0 KPa 

-145.0 kPa 

0.0 

460.0 kPa 

315.0 kPa 

45.0 

ccw 

26 

38.6 Ksi 

-13.4 Ksi 

0.0 

26.0 ksi 

12.6 ksi 

45.0 

ccw 

CHAPTER ~ PROBLEMS 29-40 






Prob 

No. 

. 6, 

°2 

*3 

*max 





29 

328.1 MPa 

71.9 MPa 

0.0 MPa 

164.0 MPa 


264.0 MPa 

136.0 MPa 

0.0 MPa 

132.0 MPa 

31 

214.3 MPa 

75.5 MPa 

0.0 MPa 

107.2 MPa 

32 

161.1 MPa 

68.9 MPa 

0.0 MPa 

60.5 MPa 

33 

35.0 ksi 

10.0 ksi 

o.o ksi 

17.5 

ksi 

34 

41.6 ksi 

21.2 ksi 

o.o ksi 

20.9 1 

ksi 

35 

35.6 ksi 

14.4 ksi 

o.o ksi 

27.0 l 

ksi 

36 

62.9 ksi 

19.1 ksi 

o.o ksi 

31.5 1 

Ksi 

37 

0.0 kPa 

-307.9 kPa 

-067.1 kPa 

433.5 ! 

KPa 

36 

0.0 kPa 

-37.5 KPa 

-337.5 kPa 

168.8 l 

KPa 

39 

0.0 psi 

-295.7 psi 

-1804.3 psi 

902.1 ! 

psi 

40 

0.0 psi 

-2167.6 psi 

-6832.4 psi 

3416.2 i 

psi 

1 
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CHARTER - PROBLEMS 41-30 


Z° b - * 

No. 


41 

130.7 

MPa 

49.3 

MPa 

213.2 

MPa 

CM 

42 

249.3 

MPa 

-49.3 

MPa 

133.2 

MPa 

CCW 

43 

-37.9 

MPa 

197.9 

MPa 

31.4 

MPa 

CCW 

44 

19.1 

ksl 

-4.1 

ksi 

34.0 

ksi 

CCW 

45 

3.4 

ksi 

-21.4 

ksl 

43.9 

ksi 

CW 

44 

-300.0 

kPa 

-150.0 

kPa 

335.0 

kPa 

cw 

4? 

-2010.3 

psi 

S10.3 

psi 

392.4 

psi 

CW 

48 

-74S.3 

psi 

-234.5 

psi 

4472.3 

psi 

CM 

49 

8343.5 

psi 

84.3 

psi 

1421.2 

psi 

CW 

SO 

894.8 

kPa 

S5S.2 

kPa 

1088.9 

KPa 

CCW 


CHAPTER - PROBLEMS 31-36 

JjL 'fmax ■ I <0/2>* ♦ <T>* « j <240/2)a 4 <190)2 « 23D.2 MPa 
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SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 


Refer to Section 11-11 for method, 
inputdatain'shadedelehieri^ 


Aluminum 6061-T6 


Material Properties SI Metric Units 


Modulus of Elasticity |. 69.0 x 10 Pa 
Poisson's Ratio 



Problem 11-85. 


Strain from Gage 1 S:1480 xIO m/m 
Strain from Gage 21^6$, xIO* 6 m/m 
Strain from Gage 3 *f428 xIO" 6 m/m 
Results: 

Max Principal Strain 1902 xt O' 6 m/m 
Min Principal Strain 6 xIO' 6 m/m 

Angle p -28.2 degrees 

[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 147 Mpa 
Min Principal Stress 49.1 Mpa 


Max Shear Strain 1897 radians [Dimensionless] 

Max Shear Stress 49.2 MPa [in plane of initial element] 
***Only when Max and Min Principal Stresses have the same sign * 
[Assuming stress s o perpendicular to plane of Initial element] 
True Max Shear Stress 73.7 MPa 


0, 60,120 degree. 


Data [Uses Equations 11-18 to 11-20] 


Strain from Gage 1 £ 1480 xl 0* m/m 
Strain from Gage 2 §#|$§ xl O' 6 m/m 
Strain from Gage 3 gf ,428 xIO -6 m/m 
Results: 

Max Principal Strain 1494 xIO" 6 m/m 
Min Principal Strain -112 xl O' 6 m/m 

Angle p -5.4 degrees 

[From the axis of gage 1 to the nearer principal axis] 

Max Principal Stress 113 Mpa 

Min Principal Stress 29.5 MPa 

Max Shear Strain 1607 radians [Dimensionless] 

Max Shear Stress 41.7 MPa [in plane of initial element] 

***Only when Max and Min principal stresses have the same sign ' 
[Assuming stress » 0 perpendicular to plane of initial element] 
True Max Shear Stress 56.4 MPa 
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SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 


Refer to Section 11-11 for method. 


Aluminum 7075-T6 


Material Properties SI Metric Units 


Modulus of Elasticity 
Poisson’s Ratio 



Rectangular [0,46, 90 degree] Rosette Data [Uses Equations 11-15 to 11-17] 


Problem 11-56. 


Strain from Gage 1 ggjggj xlO m/m 
Strain from Gage 2^^Mx10' 6 m/m 
Strain from Gage 3§||§i||x10‘® m/m 
Results: 

Max Principal Strain 1104 xl O® m/m 
Min Principal Strain 390 xIO® m/m 

Angle p -36.4 degrees 

[From the axis of gage 1 to the nearer principal axis] 

Max Principal Stress 99.2 Mpa 
Min Principal Stress 60.7 Mpa 

Max Shear Strain 714x10® radians [Dimensionless] 

Max Shear Stress 19.3 MPa [In plane of initial element] 
***Only when Max and Min Principal Stresses have the same sign*** 
[Assuming stress - 0 perpendicular to plane of Initial element] 
True Max Shear Stress 49.6 MPa 


Delta [0, 60,120 degree] Rosette Data [Uses Equations 11-18 to 11-20] 


Problem 11-64. 


Strain from Gage l^^gxIO m/m 
Strain from Gage 2^^^x10® m/m 
Strain from Gage 3 811118 x1 0~® m/m 
Results: 

Max Principal Strain 892 xl O® m/m 
Min Principal Strain 375 xIO® m/m 

Angle p -15.9 degrees 

[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 81.7 Mpa 
Min Principal Stress 53.9 MPa 

Max Shear Strain 516 x 10'® radians [Dimensionless] 

Max Shear Stress 13.9 MPa [in plane of initial element] 
***Only when Max and Min principal stresses have the same sign* 
[Assuming stress ■= 0 perpendicular to plane of Initial element] 
Tme Max Shear Stress 40.8 MPa 


xIO® m/m 
x10®m/m 
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SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 


Refer to Section 1 1-tl for method. 
Input data in shaded elements § 


AIS11040 cold drawn steel 


Material Properties SI Metric Units 


Modulus of Elasticity 207.0 x 10 Pa 
Poisson’s Ratio 0.29 


Rectangular [0, 45, 90 degree] Rosette D ata [Uses Equations 11-15 to 11-17] 
Problem 11-57. \ 

Strain from Gage 1 f "S8S xl 0 * m/m 
Strain from Gage 2 W-TZ? xIO** m/m 



Strain from Gage 2 
Strain from Gage 3 
Results: 

Max Principal Strain 
Min Principal Strain 


-290 xIO m/m 


816 xIO"* m/m 
-717 xl O'* m/m 


Angle p 31.9 degrees 

[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 137.5 Mpa 
Min Principal Stress -108.6 Mpa 

Max Shear Strain 1534 radians [Dimensionless] 

Max Shear Stress 123.0 MPa [in plane of initial element] 
***Only when Max and Min Principal Stresses have the same sign' 
[Assuming stress * 0 perpendicular to plane of Initial element] 
True Max Shear Stress 68.7 MPa 


EESK 3S 


\120 degree] Rosette Data [U ses Equations 11-18 to 11-20] 
Problem 11-65. I 


Strain from Gage 1 389 x10 m/m 

Strain from Gage 2 l^ ^g xIO'* m/m 
Strain from Gage 3 - -290 xIO" 6 m/m 
Results: 

Max Principal Strain 882 xl O' 6 m/m 
Min Principal Strain -324 xIO" 6 m/m 


Angle p 39.7 degrees 

[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 178.0 Mpa 
Min Principal Stress -15.5 MPa 

Max Shear Strain 1206 radians (Dimensionless] 

Max Shear Stress 96.8 MPa [in plane of initial element] 
***Only when Max and Min principal stresses have the same sign* 
[Assuming stress = 0 perpendicular to plane of initial element] 
True Max Shear Stress 89.0 MPa 
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SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 


Refer to Section 11-11 for method. 

Input date til shaded elements 1_ 


AISI 4140 OQT 900 steel 


Material Properties SI Metric Units 


Modulus of Elasticityg 207-0 x 10 Pa 
Poisson's Ratio ?. 0.29 


Rectangular [0,45, 90 degree] Rosette Data [Uses Equations 11-15 to 11-17] 


Problem 11-58. 



Strain from Gage 1 ; p' 925 xIO m/m 
Strain from Gage 2 -631 xIO* m/m 

Strain from Gage 3 552 xIO* m/m 

Results: 

Max Principal Strain 2121 xIO" 6 m/m 
Min Principal Strain -644 xIO" 6 m/m 

Angle p -41.1 degrees 

[From the axis of gage 1 to the nearer principal axis] 

Max Principal Stress 437.1 Mpa 
Min Principal Stress -6.5 Mpa 

Max Shear Strain 2764 radians [Dimensionless] 

Max Shear Stress 221.8 MPa [in plane of initial element] 
***Only when Max and Min Principal Stresses have the same sign*** 
[Assuming stress = 0 perpendicular to plane of Initial element] 
True Max Shear Stress 218.5 MPa 


552 xIO* m/m 


Delta [0, 60,120 degree] Rosette Data [Uses Equations 11-18 to 11-20] 


Problem 11-66. 


Strain from Gage 1 925 xIO m/m 

Strain from Gage 2 ; ^831x10^ m/m 
Strain from Gage 3 2, 552 xl 0 -8 m/m 
Results: 

Max Principal Strain 1220 xl 0 s m/m 
Min Principal Strain -656 xIO* m/m 

Angle p -23.4 degrees 

[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 232.7 Mpa 
Min Principal Stress -68.3 MPa 

Max Shear Strain 1876 radians [Dimensionless] 

Max Shear Stress 150.5 MPa [in plane of initial element] 
***Only when Max and Min principal stresses have the same sign* 
[Assuming stress = 0 perpendicular to plane of initial element] 
True Max Shear Stress 116.4 MPa 



















SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 


Refer to Section 11-11 for method. 
Input data Ini shaded elements f 


_Copper Cl 4500 harcl 


Material Properties U.S. Customary Unit System 


Modulus of Elasticity 17.0 x 10 6 psi 

Poisson's Ratio 0.33 





Problem 11-59 


ations 11-15 to 1 


Strain from Gage 1 
Strain from Gage 2 
Strain from Gage 3 
Results: 

Max Principal Strain 
Min Principal Strain 


; ;169 xIO -0 in/in 
-266 xIO 6 in/in 
543 xIO- 6 in/in 

1006 xIO 45 in/in 
-294 xIO" 6 in/in 


Angle p 36.6 degrees 

[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 17335 psi 
Min Principal Stress 731 psi 

Max Shear Strain 1299 radians [Dimensionless] 

Max Shear Stress 8302 psi [in plane of initial element] 
***Only when Max and Min Principal Stresses have the same sign' 
[Assuming stress = 0 perpendicular to plane of initial element] 
True Max Shear Stress 8667 psi 






’.y. V* \'-r. 

uta raOjmrFTiT 1 


_ Problem 11-67 


Strain from Gage 1 169 xIO* in/in 

Strain from Gage 2 sJ-266 xIO 6 in/in 
Strain from Gage 3 , 543 xIO" 6 in/in 

Results: 





Max Principal Strain 
Min Principal Strain 


616 xIO -6 in/in 
-319 xIO* in/in 


Angle p -43.8 degrees 

[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 9748 psi 

Min Principal Stress -2204 psi 

Max Shear Strain 935 radians [Dimensionless] 

Max Shear Stress 5976 psi [in plane of initial element] 

***Ohly when Max and Min principal stresses have the same sign* 
[Assuming stress = 0 perpendicular to plane of initial element] 
True Max Shear Stress 4874 psi 
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SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 


Refer to S ection 11-1 1 for method. 

Input data in shaded elements % _ 


Titanium TF6AI-4V, aged 


Material Properties U.S. Customary Unit System 


Modulus of Elasticity - 16.5 x 10 psi 
Poisson’s Ratio v 0.3 





45, 90 degree] Rosette Da ta [Uses Equations 11-15 to 11-17] 
_ Problem 11-60. | 

Strain from Gage 1 775 xIO -6 in/in 

Strain from Gage 2.. ■ 369 x10^ in/in 
Strain from Gage 3 ff>3i$ xIO" 8 in/in 
Results: 

Max Principal Strain 793 xIO" 6 in/in 
Min Principal Strain -336 xIO* 8 in/in 


Angle p 7.2 degrees 

{From the axis of gage 1 to the nearer principal axisl 
Max Principal Stress 12548 psi 
Min Principal Stress -1776 psi 

Max Shear Strain 1129 radians {Dimensionless] 

Max Shear Stress 7162 psi {in plane of initial element] 
***Only when Max and Min Principal Stresses have the same sign* 
[Assuming stress = 0 perpendicular to plane of initial element] 
True Max Shear Stress 6274 psi _ 






* -:*r 


Delta [0, 60,120 degree] Rosette Data [U ses Equations 11-18 to 11-20] 
Problem 11-68. | 

Strain from Gage 1 : ~^p775 xIO" 6 in/in 
Strain from Gage 2 '{369 xIO" 6 in/in 
Strain from Gage 3 i-318 xIO" 6 in/in 


Strain from Gage 2 
Strain from Gage 3 
Results: 

Max Principal Strain 
Min Principal Strain 


913 xIO"® in/in 
-363 xIO' 6 in/in 


Angle p 19.2 degrees 

{From the axis of gage 1 to the nearer principal axis] 

Max Principal Stress 14587 psi 
Min Principal Stress -1607 psi 

Max Shear Strain 1276 radians [Dimensionless] 

Max Shear Stress 8097 psi {in plane of initial element] 
***Only when Max and Min Principal Stresses have the same sign * 
[Assuming stress = 0 perpendicular to plane of initial element] 
True Max Shear Stress 7294 psi 















SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 


R efe r to Section 11-11 for method 
liipuil^ 


_Ductile Iron, ASTM A536, 80-55-6 


Material Properties U.S. Customary Unit System 


Modulus of Elasticity #|?4,0 x 10 psi 
Poisson’s Ratio 4 0.27 


Rectangular [0,45,90 degree] Rosette Da ta [Uses Equations 11-15 to 11-17] 
Problem 11-61. \ 

Strain from Gage 1 ^ 389 x1 O'* in/in 
Strain from Gage 2|||||||x1 O' 8 in/ln 
Strain from Gage 3 { -290x1O’ 8 In/in 
Results: 

Max Principal Strain 816 xIO* in/in 
Min Principal Strain -717 xl O' 6 in/in 

Angle p 31.9 degrees 

[From the axis of gage 1 to the nearer principal axis) 

Max Principal Stress 16117 psi 
Min Principal Stress -12663 psi 

Max Shear Strain 1534 radians [Dimensionless] 

Max Shear Stress 14490 psi [in plane of initial element] 

***Only when Max and Min Principal Stresses have the same sign*** 
[Assuming stress - 0 perpendicular to plane of Initial element] 

True Max Shear Stress 8059 psi 


Pena [O, 50,120 degree] Rosette Data [U ses Equations 11-18 to 11-20] 
Problem 11-69. \ 

Strain from Gage 1 ; 389 xl O' 8 in/in 

Strain from Gage 2 |^|^|x10‘ 6 in/in 
Strain from Gage 3 ^290-xIO -6 in/in 


Results: 

Max Principal Strain 
Min Principal Strain 


882 xIO* 6 in/in 
-324 xl O' 6 in/ln 


Angle p 39.7 degrees 

[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 20559 psi 
Min Principal Stress -2236 psi 

Max Shear Strain 1206 radians [Dimensionless] 

Max Shear Stress 11397 psi [in plane of initial element] 
***Only when Max and Min Principal Stresses have the same sign ’ 
[Assuming stress » 0 perpendicular to plane of initial element] 
True Max Shear Stress 10280 psi 
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SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 


Refer to Section 11-11 for method. 




Stainless Steel, AISI 501 OQT 1000 


Material Properties U.S. Customary Unit System 


Modulus of Elasticity x 10 psi 
Poisson's Ratio EBM9 




, 46, 90 degree] Rosette Da ta [Uses Equations 11-15 to 11-17] 
Problem 11-62. I 


Strain from Gage 1 
Strain from Gage 2 
Strain from Gage 3 
Results: 

Max Principal Strain 
Min Principal Strain 


xIO in/in 
xIO* in/in 
xIO* in/in 


2688 xIO in/in 
-263 xIO"® in/in 



Angle p -38.7 degrees 

(From the axis of gage 1 to t he nearer principal axis] 

Max Principal Stress 83147 psi Very high stress: s y «135 ksl 

Min Principal Stress 17317 psi N=1.62 Low 


Max Shear Strain 2951 x 10' 6 radians [Dimensionless] 

Max Shear Stress 32915 psi [in plane of initial element] 
***Onfy when Max and Min Principal Stresses have the same sign* 
[Assuming stress = 0 perpendicular to plane of Initial element] 
True Max Shear Stress 41574 psi 


Problem 11-70. 


Uses Equations 11-18 to 11-20] 


Strain from Gage 1 BjjjpaxlO in/in 
Strain from Gage 2|l|j||f|x1 O' 6 in/in 
Strain from Gage 3§|ii§||x10' 6 in/in 
Results: 

Max Principal Strain 1761 xIO -6 in/in 
Min Principal Strain -296 xIO* in/in 


-296 xIO* in/in 


Angle p -19.5 degrees 

[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 53289 psi 
Min Principal Stress 7390 psi 

Max Shear Strain 2058 x 10'® radians [Dimensionless] 

Max Shear Stress 22949 psi (in plane of initial element] 
***Only when Max and Min Principal Stresses have the same sign* 
[Assuming stress * O perpendicular to p/ane of Initial element] 
True Max Shear Stress 26644 psi 


















CHAPTER 12 Deflection of Beams 
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CHAPTER 13 Statically Indeterminate Beams 
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1 3-28 


The objective is to compare the results of the beam loading and support conditions for five 
different beams in Figures 13-4, 13-10, 13-12. 13-14, and 13-16. Details were 
reported earlier in this solutions manual for each problem. Note that each beam design 
has a total length of 14.0 ft and carries a uniformly distributed load of 400 Ib/ft 
resulting in a total load of 5600 lb. Changing the manner of support or adding additional 
supports affects the shearing force, V, the bending moment, M, and the maximum 
deflection, y, for a given El value for the beam material and shape. Vertical shear stress 
and bending stress are directly propostional to the values of V and M respectively. 
Therefore, a reduction in either value will result in a reduction in stress or will allow the 
use of a smaller or lighter section for the beam. Comparisons are shown as ratios of V, M, 
and y/El to those values for the first design, a supported cantilever. The other designs are 
a fixed-end beam and continuous beams on 3, 4, and 5 supports. 


Prob. 

Vmax 

V/Vi 

Mmax 

M/Mi 

ymax 

y/yi 

13-4 

3500 lb 

1.00 

9800 lb in 

1.00 

-83061/El 

1.00 

1 3-10 

2800 lb 

0.80 

6533 lb in 

0.667 

-40017/El 

0.482 

1 3-12 

1750 lb 

0.50 

2450 lb in 

0.250 

-5191/El 

0.0625 

13-14 

1120 lb 

0.32 

871 lb in 

0.089 

N/A 

• 

13-16 

850 lb 

0.24 

525 lb in 

0.054 

N/A 

- 


Note that maximum shearing force, bending moment, and deflection all decrease for 
successive designs. Deflection formulas are not available (N/A) in this book for the last 
two designs. But it stands to reason that deflection would be reduced by adding additional 
supports and reducing the span between adjacent supports. The comparison illustrates the 
advantages of using fixed ends for beams and of using more supports for a given load, thus 
reducing the effective span between adjacent supports. Fabrication problems and costs 
must also be considered when selecting a method of supporting a load on a beam. 

1 3-29 

This problem has the same objective as 13-28. Refer to that problem for a discussion of 
the objectives and the results. Data listed here are for different beam loadings (w = 50 
Ib/in; total beam length = 16.0 in) but the support conditions are the same as in 13-28. 


Problem 

Vmax 

V/Vi 

Mmax 

M/Mi 

ymax 

y/y/ 

13-5 

500 

lb 

1.00 

1600 lb In 

1.00 

-17712/El 

1.00 

13-11 

400 

lb 

0.80 

1067 lb in 

0.667 

-8533/El 

0.482 

13-13 

250 

lb 

0.50 • 

400 lb in 

0.250 

-1107/El 

0.0625 

13-15 

160 

lb 

0.32 

142 lb in 

0.089 

N/A 

. 

13-17 

121 

lb 

0.24 

86 lb in 

0.054 

N/A 

. 
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COLUMN ANALYSIS - SUMMARY OF RESULTS OF PROBLEMS 14-33 TO 14-43 
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14-42 The support cables for the sling act at 30° to the horizontal and exert a direct axial 

compressive force on the spreader as shown below. Assume central loading of a straight 
column. The horizontal (axial) component of the cable force is 15 588 lb. 

Af e y * IooolC 
a - g = leofiu/s/Ajstf s /£ct*u? 

Aa *6* e /£06Qc6(C<J3o') U 


loooce 


Design decision: Use a hollow steel tube made from ASTM A501 structural steel. The 
column buckling analysis spreadsheet (Figure 14-9) was used to determine that the 
lightest size with adequate capacity is a 3x3x1/4 hollow steel tube. Other results are 
summarized below. 

L = U = 96 in; r = 1.10 in; SR = 87.3; A = 2.59 in 2 ; s y = 36 000 psi; E = 29x10* psi; Cc = 
126; Column is long; Use N = 2.5 (design decision); Column is short; Use Johnson 
formula; Per = 70 900 lb; P. = 28 364 lb. 

14-43 The analysis is similar to Problem 14-42. With the angle of 15°, the axial force on the 
tube is 33 588 lb. The spreader now must be a 4x4M/4 steel tube with: A = 3.59 in 2 ; r = 

1.51 in; SR = 63.6; Short column; From the Johnson formula, P* = 112 814 lb; P. = 45 
1261b. 

Crooked Columns 

For Problems 14-44 to 14-49, loading data were taken from earlier problems as listed in the 
problem statements. The amount of initial crookedness is given. The Crooked Column Analysis 
spreadsheet (Figure 14-14) was used to determine the critical buckling load and the allowable 
load for a design factor of 3.0. The spreadsheet solves Equation 14-18. Results are summarized 
in the table on the following page. 

Eccentricallv-Loaded Columns 

For Problems 14-50 to 14-58, data from the problem statements were entered into the Eccentric 
Column Analysis spreadsheet (Figure 14-15). Where the problem asks for the maximum stress 
and deflection, the design factor /V = 1.0 was entered at the lower left column. For design 
problems, the requested design factor (typically N = 3.0) was entered. Results are summarized 
in the table on the following page. 

Problem 14-59 

Straight and crooked column analysis required for the 2-in schedule 40 steel pipe, 156 in 
long. The spreadsheets in Figures 14-9 (Straight columns) and 14-14 (crooked columns) 
were used to determine the following results. 

a) Straight pipe: SR = 198; C c « 126; Long column; P„ = 7831 lb; P. = 2610 lb. 

b) Crooked pipe: a = 1.25 in; C 1 in Eqn. 14-18 = -21 766; C 2 = 3.36x10 7 ; Euler buckling 
load = 7831 lb; P a =1676lb. 
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CROOKED COLUMN ANALYSIS - SUMMARY OF RESULTS OF PROBLEMS 14-44 T014-49 
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Problems 14-53 to 14-5$ Eccentrically Loaded Column Analysis (Continued) 
Value of N = 3 used to evaluate safety 
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CHAPTER 15 Pressure Vessels 
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